Abstract: The level of assistance patients with Alzheimer disease (AD) require in their care may be an important predictor of resource use, costs of care, and quality of life. The Dependence Scale (DS), a measure of care-assistance required, was used to estimate costs of care and quality of life of patients with AD categorized into 6 dependence stages based upon the summated item scores of the DS. Data were derived from a 3-year, noninterventional study of 132 patients with probable AD (ages, 50 to 85 y) and caregiver dyads. We investigated the association between DS scores and health care costs, health-related quality of life (HRQoL), caregiver burden and estimated annual costs and HRQoL for 6 dependence stages in adjusted models. DS scores were significant predictors of health care costs, HRQoL, and caregiver burden. The estimated annual health care costs and a measure of HRQoL (EuroQoL-5D) ranged from $11,418 and 1.00 for those at very mild dependence stage to $101,715 and 0.26 for those at very severe dependence stage. DS scores classified into 6 dependence stages provides a useful method to estimate unique levels of care-associated costs and health utilities for pharmacoeconomic evaluations of new treatments for AD.
BACKGROUND
Alzheimer disease (AD) will place a considerable economic burden on society as our population ages. A number of AD clinical trials are being conducted to intervene early in the disease process to modify disease progression for more effective treatment of AD. These studies involve expensive diagnostic and treatment approaches. The economic impact of disease modifying therapies on long-term costs associated with AD is unknown. Economic evaluations in AD have involved decision analytic models of total societal costs of care and quality-adjusted life years using discrete stages of AD as measured by clinical scales. 1 A variety of scales have been used in the clinical and costeffectiveness literature to measure the severity of AD symptoms and the staging of disease severity. 2 Among them, the most commonly used scales have been the MiniMental State Examination (MMSE) 3 and the Clinical Dementia Rating (CDR) scale, 4 but both have limitations in modeling pharmacoeconomic outcomes in AD. 1, 2, 5 It is not adequate to evaluate the changes in health care costs and health-related quality of life (HRQoL) for new AD interventions simply by 1 or 2 symptom domains. [6] [7] [8] The MMSE is a general and incomplete measure of cognition. The CDR incorporates aspects of cognition and function into a discrete stage of dementia, but is time consuming to administer, requires a trained clinician to complete, and categorizes dementia severity into relatively broad categories (ie, mild, moderate, and severe dementia). Therefore, dependence, as measured by the Dependence Scale (DS), has been proposed as a better measure of AD progression that incorporates changes in the individual domains of cognition, function, and behavior. 9 The DS, developed by Stern and colleagues, was designed to capture the caregiver's report of the level of assistance and care needed by AD patients rather than specific task performance ability. 10 Several validation studies have shown that the DS measure of dependence is related to, but provides information distinct from, cognition, physical functioning, and behavior. [10] [11] [12] [13] [14] Previous research has shown that dependence directly impacts costs of care and is associated with HRQoL and caregiver burden. 7, 9, 12, 15 Studies have also suggested that the DS is a better candidate than the MMSE or CDR for modeling AD progression and in explaining variation in quality of life, health status, and medical costs of AD patients, as well as caregiver time and associated resource use. 5, 9, 16 These studies suggest that the DS would be useful in models evaluating the economic impact of interventions in AD. 5, 12 Previous studies have described the relationship between costs of care and HRQoL in patients with AD based upon levels of dependence as measured by the DS. 7, [17] [18] [19] These studies have used either a summated score of the DS (ie, 0 to 15) 18, 19 or divided the DS into quartiles 7 to describe these relationships. However, these 2 approaches are not ideal for pharmacoeconomic modeling, as they are not easily used in decision analytic models in a clinically meaningful way. The original DS paper proposed a method to use DS item scores to derive 5 levels of dependence. 10 We examined the use of these 5 levels of dependence in our data set to explain pharmacoeconomic outcomes, but found several limitations. For example, scoring for some levels was complicated (eg, level 2 is defined as 2 of items A, B, or C = 1, or A or B = 2, or D-1), and there were inconsistent differences in important clinical scales (eg, CDR) between some levels (eg, clinical scales were very different between levels 3 and 4 and very similar between levels 4 and 5). These limitations were the motivation for us to try to derive a new approach to using the DS to stage dementia severity.
We sought to use summated DS scores to provide an estimate of the stage of dependence for pharmacoeconomic modeling. The CDR has been the standard for dementia staging in clinical research, but has limitations for pharmacoeconomic modeling as described previously. Six stages of dementia were proposed in the Global Deterioration Scale for the assessment of primary degenerative dementia, 20, 21 and were operationalized based upon function in the Functional Assessment Staging (FAST) scale. 22 We used an empirically driven approach to develop 6 stages of dependence using summated DS scores. The objectives of this study were: (1) to examine the relationships between dependence stages, health care costs, HRQoL, and caregiver-perceived burden in our data set and (2) to estimate the health care costs and HRQoL at 6 dependence stages derived from summated DS scores.
MATERIALS AND METHODS

Subjects
The subjects included in the present study were from a 3-year longitudinal, noninterventional study. Patients' ages were 50 to 85 years and their caregivers were recruited from 9 clinical practice sites (6 Neurology and 3 Geriatric Medicine) in Michigan from 2000 to 2004. Details of the original study have been documented elsewhere. 23, 24 Patients with probable AD diagnosis based on the NINCDS-ADRDA criteria 25 were included. Eligible subjects were interviewed, tested cognitively, and examined neurologically at baseline, and caregivers were interviewed in person at baseline. Follow-up telephone interviews were made with the caregiver 1 and 2 years after the baseline visit. One subject was lost to follow-up during the follow-up period and not included in the analysis.
Measurement
Dependence
Dependence was measured using the DS of a 13-item questionnaire with summated score ranges of 0 to 15. The higher the value, the more severe is the dependence. We used an empirically driven approach to develop 6 stages of dependence based upon our data set, by examining groupings of the summated DS scores that reflected important changes in costs of care and/or HRQoL that were anchored in clinically meaningful and defined stages in the CDR scale. The naming of our dependence stages corresponds to the dementia severity terminology used in the CDR for mild, moderate, and severe stages. Scoring of dependence stages is simply a specified range of summated DS scores. Specifically, we defined DS summated scores of 1 to 3 as very mild, 4 to 5 as mild, 6 to 8 as mild to moderate, 9 to 10 as moderate, 11 to 12 as severe, and 13 to 15 as very severe. A comparison of dependence stages, CDR scores and terminology, and estimated FAST scores is given in Table 1 .
Health Care Costs
Health care costs were estimated from the health care utilization of AD patients in the 12 months before the survey interview, in the first year after baseline and in second year after baseline for 3 time points (ie, baseline, year 1 follow-up, and year 2 follow-up). Costs included direct costs (formal and informal) of care for AD patients across the disease severity spectrum. To estimate direct costs, caregiver-reported utilization counts were summed for each type of care and then multiplied by a unit cost for each type of care. The types of care included in this estimation included physician visits, medications, hospitalizations, paid home care, adult daycare, and long-term care services (nursing home, assisted living, and foster home care). The paid home care services were separated into professional (eg, nurse, physical therapist, and speech therapist) and nonprofessional categories. The informal direct costs included unpaid caregiving estimated by the approach of replacement wages. Caregiver time was estimated using the Caregiver Time Survey. The details of our cost computations, unit costs, and caregiver time estimates have been described previously. 23, 24 Our cost estimates did not include emergency room visits without an overnight stay or outpatient surgical procedures in the cost estimates. All the cost estimates were inflated to 2015 US dollars using the medical component of the Consumer Price Index.
HRQoL
HRQoL was measured by the US-weighted version of EuroQoL 5 dimension, 3-level, questionnaire (EQ5D-US), 26 and the Health Utility Index Mark 2 (HUI:2). 27 Both are preference-weighted HRQoL scales that can be used to calculate quality-adjusted life years, and each range from 0 to 1, with 0 as death and 1 as perfect health. Questionnaire responses were proxy ratings by the caregiver for the subject with dementia. Scores represented current HRQoL and were measured at baseline, and during year 1, and year 2 follow-up interviews. Previous research in patients with AD have shown that proxy ratings of the HUI:2 or HUI:3 correlate better with changes in dementia severity than patient ratings. 28, 29 Unpaid Caregiver-perceived Burden
Unpaid caregiver burden was measured by the Screen for Caregiver Burden, developed by Vitaliano et al 30 to identify distress experienced specifically for spouse caregivers of AD patients. This 25-question tool was created to assess the prevalence of caregiver experiences (objective burden), and the distress experienced by spouse caregivers of AD patients (subjective burden). The total score of objective burden (range, 0 to 25) represents the number of experiences that have occurred to caregivers with 0 as did not occur and 1 as occurrence. Subjective burden was measured on a 5-point scale: 0 (no occurrence of the experience), 1 (occurrence of the experience, but not distress), 2 (occurrence with mild distress), 3 (occurrence with moderate distress), and 4 (occurrence with severe distress), with a range of 0 to 100. The higher scores denote greater burden for both objective and subjective measures.
In addition, the Neuropsychiatric Inventory caregiver distress scale 31 (an abridged version of the Relative Stress Scale) was also used to quantify caregiver burden related to care recipients' neuropsychiatric symptoms (10 domains) on a 6-point scale: 0 (not at all distressing), 1 (minimally distressing), 2 (mildly distressing), 3 (moderately distressing), 4 (severely distressing), and 5 (very severely distressing), with a range of 0 to 50.
Measures of caregiver-perceived burden were measured during the baseline interview only, to help limit the duration of the caregiver follow-up interviews because of concerns of subject burden and risk of losing subjects during follow-up.
Other Baseline Measures
Demographic information including current age, age at onset of AD symptoms, sex, education level, marital status, race, living situation, and caregivers' age, sex, and relationship to patient was collected at baseline. Cognitive function was measured with the MMSE (range, 0 to 30). 3 Behavioral symptoms were measured with the Neuropsychiatric Inventory (NPI), which measures frequency and severity of behavioral symptoms in 12 domains to derive the total NPI score (range, 0 to 144). 32 The presence and severity of signs of parkinsonism were measured using a modified Columbia University Parkinson's Disease Rating Scale that was developed to measures extrapyramidal signs in patients with dementia. 33 Dementia severity was measured by the CDR scale which categorizes dementia severity into 0.5 (questionable dementia), 1 (mild dementia), 2 (moderate dementia), 3 (severe dementia), and 4 (profound dementia) using a semistructured interview of caregivers followed by an interview with the dementia patient. Six domains are scored and a scoring algorithm determines the total CDR score. 4 Alternatively, the scores on the 6 domains can be added for a more continuous measure [ie, CDR sum of boxes scoring (CDR-SB)]. A measure of the number and severity of comorbid medical conditions were measured by Cumulative Illness Rating Scale. 34 
Statistical Analyses
Baseline demographic and clinical data by disease severity (from the very mild to the very severe dependence stage) were compared using a nonparametric KruskalWallis test for continuous covariates and w 2 test or the Fisher exact test (given the potential small number in certain cells) for categorical covariates.
Because of the 3 time-point measurements, repeated measures models were used to examine the relationship between the dependence stages and total health care costs and HRQoL. The analyses were performed using generalized estimating equations (GEE) models with the Gamma distribution and the log link was used to predict point estimates of costs of care, whereas GEE models with Gaussian distribution and the identity link was applied to the estimation of EQ5D-US and HUI:2. The gamma distribution has been advocated by health economists to model skewed outcomes such as health cost data with a log link. 35 All the other covariates were controlled in the multivariable models.
Furthermore, ordinary least square regression analyses was conducted to examine the relationship between baseline characteristics and baseline caregiver-perceived burden (as measured by objective burden, subjective burden, and NPI-Q) and other covariates mentioned previously.
All analyses were conducted using Stata version 14 (StataCorp, College Station, TX). The P-values were considered significant at a < 0.05 (2-tailed tests). Race and ethnicity were not included in multivariable statistical models because the sample was predominantly white.
RESULTS
Descriptive Statistics
Overall, 132 patients with probable AD diagnosis were included in the present study. Table 2 presents their baseline characteristics by the dependence stage. At baseline, there were 8 subjects at very mild stage, 22 were mild, 47 were mild to moderate, 24 were moderate, 25 were severe, and 6 were very severe. The mean age was 76.5 years, the mean age at onset of AD was 71.5 years, 54% were female, 59% had education <12 years, 64% were married, 97% were white, and 73% lived with others at home. The mean age of the caregivers was 63.9 years, 68% of them were female, and 59% of them were patients' spouses. Significant differences were observed among the dependence stages in terms of the following: marital status, living arrangement, MMSE, CDR, CDR-SB, total NPI score, Parkinson's disease rating scale, health care costs in baseline year, HUI:2, EQ5D-US, caregiver's relation to patients, and caregiver burden measures. Subjects were less likely to be married and more likely to be widowed in the higher dependence stages. As expected, greater dependence was associated with greater cognitive impairment, dementia severity, neuropsychiatric symptoms, parkinsonism, costs of care and caregiver burden, and lower HRQoL scores ( Table 2) . 
Dependence Stage and Health Care Costs
Descriptive results showed that the dependence stage (defined by the DS scores) and total health care costs had a positive correlation, as AD patients in the very severe stage had the highest total health care costs ( Fig. 1; (Fig. 1) . For the cohort at all time points, the annual average direct cost of formal care per patient was $24,405 and $21,671 for informal care. Table 3 summarizes the results of GEE models examining the relationship between important covariates and total, direct health care costs in this cohort. Dependence and comorbid medical conditions, as measured by Cumulative Illness Rating Scale, were significantly associated with total costs in multivariable models. Other covariates, including age, sex, education, marital status, neuropsychiatric symptoms, parkinsonism, caregiver characteristics and caregiver burden were not significantly associated with total, direct health care costs. Table 4 presents the covariate-adjusted mean, annual total health care costs with estimated SDs by dependence stages (see Appendix Table S3 , Supplemental Digital Content 3, http://links.lww.com/WAD/A167 for the cost estimates excluding unpaid caregiving). Table 3 also reports the results of GEE models examining the relationship between important covariates and HRQoL, as measured by the HUI:2 and EQ5D-US.
Dependence Stage and HRQoL
For EQ5D-US, age, neuropsychiatric symptoms, comorbid medical conditions, dependence, and parkinsonism were significant and independent predictors of HRQoL, whereas sex, education, marital status, caregiver characteristics, and caregiver burden were not significant and independent predictors of EQ5D-US scores. Similar results were found for the HUI:2 scores, except comorbid medical conditions did not significantly predict HUI:2 scores, nor did neuropsychiatric symptoms in models that included caregiver characteristics and caregiver burden. In addition, in HUI:2 models that did not include caregiver characteristics or burden, marital status did significantly predict HUI:2 scores. Figure 2 shows that the covariate-adjusted HRQoL measures decreased as dependence severity increased, after controlling other covariates. The estimates of HUI:2 were slightly lower than those for EQ5D-US regardless of dependence stages. The covariate-adjusted, estimated mean HUI:2 and EQ5D-US scores and associated SDs for the 6 dependence stages are shown in Table 4 .
Unpaid Caregiver-perceived Burden Table 5 presents the relationship between baseline, unpaid caregiver-perceived burden and other covariates. In general, ordinary least square results indicated that the worsening dependence level was associated with higher objective and subjective burden. Higher neuropsychiatric symptoms (NPI scores) and dependence scores of patients, and younger age of caregivers were associated with a higher caregiver objective and subjective burden scores. In addition, not currently married patients were less likely to cause caregiver objective burden but not subjective burden than their married counterparts. When using NPI distress score as an outcome measure, caregivers who were not spouses of the AD patients were less likely to have distress than caregivers who were spouses of the AD patients. In addition, there was a high correlation between the total NPI score of AD patients and the NPI distress score of their 
DISCUSSION
In this study, we found that the increasing levels of dependence, as measured by the DS, were associated with significant increases in total health care costs, unpaid caregiving costs, and caregiver burden (both objective and subjective), and with decreases in HRQoL (EQ5D-US, HUI:2) after controlling for other covariates. DS scores classified into 6 dependence stages identified unique and clinically meaningful levels of care-associated costs and health utilities that could be used in pharmacoeconomic evaluations of new treatments for AD patients.
Our results are in line with previous studies that have shown that increased dependence is associated with higher health care costs for dementia patients. 17, 24, [36] [37] [38] Moreover, our results confirmed the impact of comorbidities on costs wClinical Dementia Rating, Clinical Dementia Rating sum of boxes scoring, Mini-Mental State Examination, HUI:2, and EQ5D-US were removed from the models due to collinearity with DS (r = 0.77, 0.81, À0.70, À0.78, and À0.78, respectively). Age at onset was removed from the model due to collinearity with age at baseline (r = 0.93). We kept NPI in the GEE models because an independent association between NPI scores and pharmacoeconomic outcomes, over and above DS scores, was found in our previous study. 23 zGEE models with Gamma distribution and log link. The estimate of costs of health care was applied by y = exp(xb). yGEE models with Gaussian distribution and identity link. The estimate of HRQoL was applied by y = xb. 8The difference between model 1 and model 2 was whether caregiver characteristics were included in the model or not. CIRS indicates Cumulative Illness Rating Scale; EQ5D-US, EuroQoL 5 Dimensions with US population scoring; GEE, generalized estimating equation; HQRoL, health-related quality of life; HUI:2, Health Utilities Index Mark 2; NPI, Neuropsychiatric Inventory. *P < 0.05. **P < 0.01. ***P < 0.001. Table 2 using equation: y = exp(xb) for health care costs and y = xb for HUI:2 and EQ5D-US. y is the outcome of interest; x is the covariate; b is the coefficient.
wTotal costs included costs of physician visits, hospitalizations, home health care, long-term care (nursing home, assisted living, and adult daycare), medications, and unpaid caregiving. of care, which is consistent with other AD cost studies that have shown increased health care costs in patients with dementia that have comorbid conditions, because of increased risk of hospital care and increasing length of stay. [38] [39] [40] This suggests that effective management of common general medical comorbidities could decrease dementia care costs by preventing hospitalizations or prolonged lengths of stay. 41 In addition, it is possible that unpaid caregiving time and costs reached a peak for patients in the moderate stage and then were substituted by formal longterm care services and costs in advanced dependence stages as suggested in our study, corroborating previous studies that showed that informal care costs made the highest contribution to the total costs for community-dwelling AD patients, 17 and are considered a major component of total health care costs due to dementia. 17, 42, 43 Our results were consistent with previous studies demonstrating that behavioral disturbances measured by NPI questionnaires are associated with increased caregiver burden. 31, 38, 44, 45 Subjective feelings of caregivers have been associated directly with perceived caregiver burden, and a caregiver's reaction to problematic behaviors is one of the strongest predictors of nursing home placement. 31 Accordingly, screening, assessment, and monitoring of the degree of burden associated with caregiving is crucial. A potential economic gain from providing support to caregivers may be expected because studies have shown that caregiver interventions that decrease their distress can reduce the risk of nursing home placement for AD patients. 46, 47 This in turn may reduce the total costs of care.
Our finding that HRQoL, measured by 2 different scales, decreases as dependence increases in patients with AD is consistent with previous studies that have examined this association. 5, 7 Andersen et al 48 concluded that the estimated health utility (proxy-rated EQ-5D) decrement due to the loss of independence was 0.30, in which the dependence level was simply categorized into 2 groupseither dependent (0.34) or independent (0.64). In the present study, we estimated a EQ5D-US value of 1.00 for the very mild dependence stage compared with 0.26 for completely dependent patients, which yields a difference between dependence stages of 0.74. Thus, our analysis encompassed a wider range of dependence levels and provides estimates of HRQoL for 6 dependence stages instead of Anderson's dichotomous classification. In addition, even though research has indicated that caregiver factors such as burden and depression may influence the HRQoL ratings provided by a proxy, [49] [50] [51] we found that dependence remained a significant independent predictor of HRQoL in multivariable models that accounted for caregiver burden and caregiver distress in the analyses.
In this study, we proposed a new classification of the DS into 6 stages of dependence with the goal of defining clinically meaningful stages for use in economic evaluations of new AD interventions. This and previous studies have demonstrated the advantages of the DS in predicting important pharmacoeconomic outcomes. In our analyses, each of the 6 dependence stages provided unique information about outcomes important for economic evaluations, such as costs of care and HRQoL. An advantage of the DS and our classification is the ease of administration and classification into dependence stages. Bold values are statistically significant P value. CIRS indicates Cumulative Illness Rating Scale; NPI, Neuropsychiatric Inventory. *P < 0.05. **P < 0.01. ***P < 0.001.
Strengths of this study include our comprehensive data set, which not only includes covariates on cognition, function, and behavior, but also includes covariates on comorbidities and severity of signs of parkinsonism. In addition, other than recent studies that have used arbitrary grouping methods of DS scores (eg, quartiles), 7, 38 we classified patients by stages of dependence severity. Our classification approach may provide more clinically meaningful interpretation and be more valuable in pharmacoeconomic evaluations of new interventions for patients with AD. Our approach also better characterizes temporal disease progression compared with CDR or MMSE for which several years may elapse before progression to the next stage occurs. Finally, our results provide estimates of costs of care and HRQoL stratified by dependence levels, which are critically important in pharmacoeconomic evaluations of new AD interventions.
Several limitations should be considered when interpreting results of this study. First, the study population was predominantly white residents of Michigan, so results may not generalize to patients across the United States. However, our sample included patients from across the dementia severity spectrum and with a variety of comorbid conditions in contrast to most AD clinical trials that include only patients with mild to moderate dementia that do not have comorbid conditions. Second, we were not able to examine other physical function measurements such as the Disability Assessment for Dementia, to examine the relationship between functional limitations, dependence, costs, and quality of life. However, the DS served as a composite measure of cognition, function, and behavioral symptoms of dementia patients, and has been validated by several previous studies. [10] [11] [12] [13] [14] Fourth, we had limited sample size (n = 132) in the present study. The estimates of costs of care and HRQoL may suffer from larger variances. Further research with larger sample sizes may be of value to provide more accurate point estimates for pharmacoeconomic evaluation. Finally, we derived costs of care by multiplying units of health care utilization by a unit cost for each type of service. The accuracy of our estimates could be compromised by error in recall of services, inaccurate estimates of unit costs or changes in unit costs over time or by region. Despite these potential limitations, this approach to estimating costs of care has been used commonly in previous economic evaluations for AD treatments. 2 Summated DS scores classified into 6 dependence stages provide a useful method to estimate unique levels of care-associated costs and health utilities that can be used in economic evaluations of new treatments for AD. Moreover, dependence levels predict the amount of paid and unpaid care required, and can be used to monitor caregiver burden and patient symptoms likely to be associated with transitions from home-based care to institutional, long-term care facilities. These dependence levels can therefore be used to design and implement targeted patient and caregiver interventions and support. 1 
